, the reproductive behavior of the humpback whale was studied during the breeding season off the coast of Ecuador, South America (02°S, 81°W). During the sighting period the level of surface activity exhibited by the whales was assessed according to the type of display performed and its frequency. Five displays that produce percussion sounds and used likely for communication were considered: breaching, head-lapping, tail-slapping, flipper-slapping and tail slashing. A total of 289 selected sightings were included in one of four levels according to a scale of intensity designed for the purpose. To determine what social conditions increased or reduced the activity, groups were organized according to their size and age-class composition. Singletons and groups of three and four whales showed a significantly higher surface activity than pairs or larger than four for the highest intensity level (P<0.05). Differences were also found when age-classes were compared, with subadults showing significantly higher surface activity than other classes (P<0.01). Groups that increased members showed a significant difference respect to decreasing groups at the lowest level of intensity of the scale (P<0.05). Competitive groups showed a significant higher occurrence at intensity level 2 than other groups (P<0.05). No relationship was found between whale speed and surface activity. The possible influence of environment factors such as day hour, sea state, moon phase and "El Niño", was also assessed; none of which showed a clear trend to affect the intensity of whale surface activity. A discussion about the implications of these findings is provided as well as interpretations of possible meanings of some displays under different social contexts. This analysis indicates that social aspects rather than environment factors drive the surface activity of the humpback whales during the breeding season.
Introduction
The Southeast Pacific stock of humpback whales (Megaptera novaeangliae) breeds along the coast of Ecuador and Colombia during the austral winter (June-October) (Clarke, 1962; Leatherwood and Reeves, 1983; Florez, 1991; Scheidat et al., 2000; Félix and Haase, 2001a) . As in other breeding sites, humpbacks exhibit intense surface activity suggesting a complex social structure. Breaching, flipper-slapping and tail-slapping, among others, are displays frequently performed by animals of all age classes and in different social contexts. Surface activity is not exclusive of humpback whales; it has also been reported in other Mysticeti such as right whales Eubalaena australis (Sayman and Tayler, 1979) and less frequently and spectacularly in gray Eschrichtius robustus, blue Balaenoptera musculus and sei B. borealis whales (Slijper, 1979) .
For the purpose of this paper, surface activity means a deliberate action exhibited by whales involving displays other than swimming and breathing, and specifically displays that produce non-vocal sounds. When hitting the surface with their bodies or flippers, whales produce sounds that travel several kilometers through the sea, and for this reason they may be used for communication or just to maintain acoustic contact (Herman and Tavolga, 1980; Tyack and Whitehead, 1983; Frankel et al., 1995) . Herman and Tavolga mentioned some possible explanations to these displays including, exhibition, play, male competition, intimidation, sexual stimulation, food detection, and responses to wounds or irritation. Although the reproductive behavior of humpback whales has been extensively studied in their breeding grounds (e.g., Herman and Antinoja, 1977; Tyak and Whitehead, 1983;  Darling et al., 1983; Baker and Heman 1984; Silber, 1986; Clapham et al., 1992) , the specific role of these displays in different social contexts is still poorly known.
Most of the surface activity during the winter would be related with breeding. For this reason one of the aspects most studied in humpback whales is the competition among males for receptive females. During pursuits, males exhibit threatening and aggressive displays such as charges, tail-slashing, head lunging, bubbling, and different types of vocalizations that may lead to agonistic fights (Tyak and Whitehead, 1983; Baker and Herman, 1993; Darling et al., 1983; Silber, 1986; Clapham et al., 1992) . For this behavior involving much physical contact, short-range percussion sounds produced when hitting the surface with flippers and flukes may be important to define hierarchies, establish alliances or guide other whales. Other interesting aspect of the reproductive behavior of humpback whales is the production of songs. Possible functions for songs include sexual advertisement (Payne and Mc Vey, 1971; Winn and Winn, 1978; Tyack, 1981) , ovulation synchronization (Baker and Herman, 1984) , spacing mechanisms (Winn and Winn, 1978; Frankel et al., 1995) and social ordering (Au et al. 2000; Darling and Bérubé, 2001; Craig et al., 2002) . Although songs and other phonation sounds may travel further away and contain more information than percussion sounds, the later might be easily located by other whales nearby and may convey information related to local social activities that could require an immediate response. It would not make sense to spend all that energy if it does not convey a short-term response from which the expender may obtain some benefit. This paper analyzes the level of surface activity exhibited by groups of humpback whales breeding off Ecuador to determine what conditions favor or reduce such activity. To accomplish the task, an arbitrary scale of four levels of intensity was used to evaluate the behavior of the whales and to determine a possible relationship between social structure (group size, composition and stability) and surface activity. The possible influence of environment conditions such as sea state, moon phase, time of day, and "El Niño" on whale behavior was analyzed. In some cases an interpretation of the possible meaning of displays repeated systematically is proposed.
Material and Methods
A total of 201 trips aboard whalewatching boats were made between 1991 and 2002 to study humpback whale behavior during the breeding season (June-October) in three different sites off the coast of Ecuador (02ºS, 81ºW): Puerto López, Puerto Cayo and Salinas (Figure 1) . At least 10 different boats were used, including open boats of 6-8m length with outboard motor and yachts up to 15m in length with twin stationary engines. Groups of whales were observed at distances of 50-200m for periods ranging between 2 and 150 minutes. During observations, information about the number of animals, age-class composition, geographic position and behavior was taken. Table 1 shows the total observation effort by year as well as information related to number of whales sighted. Details of the methodology can also be found in previous reports (e.g., Félix and Haase, 1998 , 2001a , 2001b .
A group was defined as the total number of animals within 100m radius (even singletons), moving in the same direction and generally exhibiting similar behaviors (i.e. synchronized diving-breathing pattern). Although other groups were often seen nearby (200-3000m), they were not considered as part of the group unless there was obviously interaction with the group initially followed (Félix and Haase, 1998) . Only those groups actively followed by the boat were taken into account for statistical analysis. The number of whales was recorded at the beginning and at the end of the observation period or when evidently other group was met, which provided the basis to establish if groups changed by affiliation or disaffiliation. When there was doubt on the exact number of whales present, a range was annotated and later averaged for statistical purposes. 
Sites and surveys
Puerto López. Trips were carried out from this port between 1991 and 1997 and also in 2000 (Table 1 , Figure 1 ). Boats left port heading northwest towards La Plata Island, some 40km offshore, along the 50m isobath. After 3 hours the boat returned to Puerto López.
Puerto Cayo. Trips were carried out in 1996 and 1997. The site is located 22km north of Puerto López and the operation was carried out closer to shore in shallower waters (20m depth average). Boats left port in a westbound direction heading up to 20km offshore and then returning to port.
Salinas. Trips were carried out in 2001 and 2002. This site is located 70km south of Puerto López at the westernmost tip of Ecuador. Surveys from Salinas were shorter extending 6-10km west; and quickly reaching depths of 50-60m.
Composition
The age-class of animals was established based on their relative size. Three age-class categories were assigned: adults (large animals >10m in length), subadults (mid-size animals 6-10m in length) and calves (smaller animals <6m in length and always accompanied by an adult animal, presumably the mother). This interpretation must be taken with caution since the subjective criteria to assign categories is based on the experience of the author. Once age-classes were identified, groups were placed in one of the following five categories: (A) all adults, (S) all subadults, (AS) adults with subadults, (MC) mother with calf, (ME) mother with calf and one or more escorts.
Levels of activity
Information related to behavior included both qualitative and quantitative aspects of five of the main energetic displays observed in this species: breaching, headslapping, tail-slapping, flipper-slapping and tail-slashing. Based on the number of displays exhibited and the number of times they were repeated, a level of intensity for surface activity was assigned as one of four categories: 1) the highest level, if whales repeated more than 10 times one or more displays or if at least 3 different displays were executed during the sighting; 2) medium level, when one or two displays were repeated up to 9 times; 3) low level, when one display was just occasionally executed (1-2 times); and 4) the lowest level, when no display was executed. Hereinafter levels of activity will be referred to by numbers (1 to 4). SITE 1991 SITE 1992 SITE 1993 SITE 1994 SITE 1995 SITE 1996 SITE 1997 =1.14 for level 4; P>0.05 in all cases). These results would indicate that the level of surface activity in a global context is most likely to be constant during the whole season.
Level of surface activity and group structure Group size
Groups in general were small with an average of 2.58 individuals/group (s=1.43, range 1-11). The modal value was two (n=122, 42.2%), with 48 singletons (16.6%), 55 triplets (19.3%), 39 quads (13.5%), and 25 groups of size >4 (8.6%). Figure 4 shows the level of activity for each group size category. Singletons showed high values for levels 1 (33%) and 4 (46%), but the lowest value for level 2 (6.6%). Pairs showed lower values of activity level 1 than singletons (14.7%), but higher values in levels 2 and 3 (17.2% and 24% respectively) and similarly for level of activity 4 (44.2%). Triplets showed the highest values for levels 1 (36%) and 2 (20%) and the lowest value for level 4 (31%) of all categories. Quads showed levels of activity similar to triplets, with high values for levels 1 and 2 and a low value for level 4. The level of activity decreased in groups larger than 4, showing the lowest value for level 1 (8%), the second lowest for level 2 (17%), and the highest values for levels 3 (24%) and 4 (56%). The comparison of the frequencies showed a significant difference in the highest level of activity (level 1) as a function of group size (X   2  3 =13.23, P<0.05). 
Group composition
The age-class of every member of a group was determined for 188 groups (Table 2) . Most groups were assigned to two categories: all adults (A) (54.7%) and adults with subadults (AS) (22.8%). Groups containing a mother with calf accounted for 15.4% of the groups observed (MC + ME). Groups of subadults (6.9%) consisted of singletons, except for one pair. Table 2 also shows the average group size of each category.
remaining groups (7.7-12.5%), with ME groups showing the lowest proportion. Tail-slashing was more frequent in ME groups (30.7%) than in the remaining age-classes (0-15%) and was never recorded for S groups. Despite these differences, the comparisons carried out did not indicate significant differences in frequency by age-class, although the low frequencies in some categories did not allow a complete analysis.
Groups that changed size
Changes in the number of individuals were recorded in 42 groups (14.5% of the total). Unstable groups were more frequently seen between mid-June and the first week of September and were larger than the average (mean=3.54 ind/group, s=1.77). The number of individuals changing in these groups ranged between 1 and 4. Differences in average group size were noticeable between increasing and decreasing groups. The average size of increasing groups went from 2.59 to 4.39 ind/group (mean=3.49, s=1.89, n=21); whereas decreasing groups went from 4.38 to 2.74 ind/group (mean=3. 56, s=1.66, n=21) . Most unstable groups were all adults (A) (n=17, 40%) and adults with subadults (AS) (n=12, 28.5%). Only one group included a mother/calf pair and one escort. Figure 5 shows the level of activity by age-class groups. All adult groups (A) showed the lowest value for the level 1 (23%), but intermediate values for levels 2 (18%) and 3 (19%). AS groups showed a higher value for level 1 (32.5%) than A groups, a similar value for levels 2 (21%) and 3 (16%) and a lower value for level 4 (30%). S groups (singletons) were more active than A and AS groups showing extreme values for levels 1 (92.3%) and 4 (7.7%), and no observations for levels 2 and 3. Mother/calf pairs (MC) showed a similar level of activity as in A and AS groups for level 1 (27.7%), but low values for levels 2 (11.1%) and 3 (5.5%), and the highest value for level 4 (55.5%). Mothers with calves showed greater surface activity when one or more escorts were present: they showed the second highest value for level 1 (36.3%), which is higher than that obtained for mother/calf pairs alone, no observations for level 2, a marked increase for level 3, and a reduction for level 4. Because of the low number of frequencies in several categories, statistic comparisons were made only for levels 1 and 4; in both cases the difference was highly significant (X 2 4 =17.7 for level 1, and X 2 4 =26.63 for level 4, P<0.01).
Displays exhibited by the different age-class groups are compared in Figure 6 . The figure only indicates the presence of a display and not the observed frequency during the sighting period. All displays were seen within all age-classes, except tail-slashing, which was not observed in S groups. Breaching was recorded more frequently in S groups (56%) than in the remaining age-classes (35-39%). Head slapping, a display especially exhibited by calves, was more frequent in MC groups (28%) than in the remaining (12-18%). Tail-slapping was more frequent in A groups (22%) than in the remaining classes (7.7-12.5 %), and less frequent in ME groups. Flipper-slapping was more frequent in A and AS groups (mean 18.55%) than in the The level of activity of unstable groups is compared with groups that did not change members in Figure 7 . Unstable groups had higher values for level 1, for level 2, and for level 3 and lower value for level 4. Although it seems there is a generalized trend to increase the level of activity in unstable groups, it must be noted that only for level 4 the difference resulted statistically significant (X 2 =5.71, P<0.05). There were also differences in the level of activity between increasing and decreasing groups (Figure 8 ). However, those differences were not statistically significant. Different proportions in the exhibition of the evaluated displays, particularly those involving slaps on the surface, were also observed between both types of unstable groups (Table 3) . Breaching, head-slapping and tailslashing were seen in the same proportion in both classes of groups, but flipper-slapping and tail-slapping were evidently more frequent in increasing groups (4.5 and 8 times, respectively). The low frequency of these two displays in decreasing groups precluded statistical comparisons.
Competitive groups
Thirty-nine competitive groups were recorded (13.5% of the total); most of them were all male groups (A) (n=30, 77%) and the remaining adult with subadult groups (AS) (n=9, 23%). Competitive groups were the largest recorded (mean=4.36 inds/group, s=1.58) and included 19 groups (45%) classified also as unstable. Figure 9 shows a comparison of the surface activity between competitive groups and the rest of the groups. Values for levels 1 and 4 were similar in both type of groups, but competitive groups showed a higher value for level 2 (33.3%) and a lower value for level 3. Significant differences in frequencies were found for level 2 (X 2 =5.9, P<0.05), indicating that competitive groups may be characterized by moderate levels of activity during their frenetic pursuit.
Level of surface activity and whale speed
Whale speed was estimated for 76 groups. Figure 10 shows the frequency distribution of velocities in 1km/h intervals. Whales moved at an average speed of 4.53km/h (s=2.81, range 0.17-14.24km/h). For comparison, speeds where organized in three ranges: slow, 0-2.9km/h (n=21, 25.6%); medium, 3-6.9km/h (n=46, 58.5%); and fast, 7-14.9km/h (n=9, 15.8%). This classification was arbitrary and was established based on the homogeneity of the observed frequency distribution. Figure 11 shows the level of surface activity in each speed category. Slow speed groups showed the lowest value for level 1 (19%), the highest value for level 3 (19%) and average values for levels 2 and 4. Medium speed groups showed the highest values for levels 1 (24%) and 2 (22%) and the lowest value for level 4. The fastest groups showed the lowest values for levels 2 and 3 and the highest value for level 4. A statistical comparison was not possible because of the small numbers of frequencies in some categories. Instead, velocities were compared for each level of activity. The fastest groups (mean=4.56km/ h, s=3.6, n=32) were those that exhibited the lowest level of surface activity (level 4). They were followed by groups in level 1 (mean=4.53km/h, s=2.08, n=15), level 3 (mean =4. 35, s=2.98, n=12) and level 2 (mean=4.01km/h, s=2.08, n=15). The velocities of each level were not significantly different (ANOVA, F 3,72 =0.66, P>0.05). Therefore, a relationship between the intensity of surface activity and whale speed was discarded. Head-slapping 5 4
Tail-slapping 9 2
Flipper-slapping 8 1
Tail-slapping 6 5 The fastest groups were those composed by all subadults (S), followed by all adults (A), adults with subadults (AS) and mother/calf pairs, although the frequency for some age classes are too small for statistical comparison (Table 4) . 
Level of surface activity and environment factors
In order to determine if surface activity is also influenced by variables other than social factors, the level of surface activity was analyzed regarding environment factor such as time of day, sea state, moon phase and "El Niño" events.
Time of day
Since the survey effort was concentrated in morning hours, most of the sightings (n=222, 79%) occurred between 06:00 and 13:00 hours (Figure 12 ).The level of surface activity by hour of day is shown in Figure 13 . Time intervals with less than 10 sightings were discarded to reduce bias. The highest values for levels 1 and 2 were recorded between 13:00 and 16:00 hours and the lowest values between 12:00 and 13:00 hours. The highest value for level 3 was recorded between 11:00 and 12:00 hours and the lowest value between 13:00 and 14:00. The highest value for level 4 was recorded between 12:00 and 13:00 hours and the lowest value between 15:00 and 16:00 hours. In general, afternoon hours showed higher values for levels of greater activity (levels 1 and 2) and lower for levels 3 and 4 than morning hours. However, this is likely a sampling artifact since morning hours with few samples also showed great heterogeneity. Due to differences in frequencies between morning and afternoonevening periods, data were pooled in two categories, morning (06:00-13:00) and afternoon (13:00-19:00), and then compared. No significant differences in any activity level between morning and afternoon hours were observed (X 2 <1 for all four levels, P>0.05).
Sea state
Sea state conditions were recorded in 179 sightings. In general, sea state conditions were good and constant along the season. Most of the sightings were made in Beaufort 2 (n=151, 84.3%) and the remaining in Beaufort 3 (n=28, 15.64%). Figure 14 shows the comparison between both oceanographic conditions. In Beaufort 3 state the level of activity 1 (37%) was higher and the level of activity 2 was (7.4%) lower than in Beaufort 2 (23.8% and 16.6% respectively). Although these results show a trend to increase the surface activity from level 2 to level 1 during Beaufort 3, the difference was not statistically significant for level 1 (X 2 =1.01, P>0.05) and for level 2 there were not enough frequencies for comparisons. Differences between the other two categories (levels of activity 3 and 4) were non-significant (X 2 <1 in both cases, P>0.05). with the largest number of sightings, including two "El Niño" years (1997 and 2002) and two "normal" years (1996 and 2001) . All these years accounted for 240 sightings (83% of the total). During "El Niño" event of 1997 the mean sea surface temperature in the Southeast Pacific showed a positive anomaly 2 of 4ºC during the whole breeding season, whereas during "El Niño" event of 2002 the mean sea surface temperature showed a negative anomaly 3 between 0.5 and 1ºC, although along the central Pacific the anomaly was positive with values between 1 and 2ºC. Except for level 2, there was a high inter-annual variability in the remaining levels. In the years 1996 and 2002 ("El Niño") values for level 1 were similar (around 30%). The same occurred in the years 1997 ("El Niño") and 2001, although in this case the observation of level 1 activity was lower (17.7% and 22% respectively). During the most intense "El Niño" year (1997) the lowest value for the most intense level of activity (level 1) and the highest value for the level without surface activity (level 4) were observed. However, differences were not significant for any level of surface activity (X 2 3 =2.62, 0.12, 3.91 and 4.85, P>0.05), which would mean that inter-annual variations recorded probably occurred by chance. 
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Moon phase
The moon phase drives the tidal cycle and regulates important physiological cycles in nature. To test for the potential effect of moon phase on whale surface activity, comparisons in activity levels over a period of five days, ranging from two days before and two days after, the full (n=45) and new (n=43) moon were made with the remaining days ( Figure 15) . A higher level of activity was obtained during the new moon period, when the highest values for levels 1 and 3 (28%) and the lowest values for level 2 (14%) and 4 (30%) were found. However, those differences were not significant (X 2 2 = 0.42, 0.21, 3.6 and 2.07, P>0.05).
"El Niño"
The Southeast Pacific region is affected by "El Niño", oceanatmospheric anomaly which has a periodicity of 4-5 years.
One of the most notorious manifestations of this phenomenon is the increase of the mean sea surface temperature, which produces ecological disruptions with disastrous effects in almost every trophic level (Barber and Chavez, 1983) . Figure  16 shows a comparison of the surface activity for four seasons
Discussion
Social structure influence
The breeding season is a critic period when energy stored during the feeding season must be used rationally to obtain a maximum benefit. It may be inferred that the intense surface activity exhibited by humpback whales during the breeding season must have an extremely important role for their social organization. In humpback whales the social ordering seems to be transitory and characterized for fluid associations among individuals (Darling et al., 1983; Baker and Herman, 1984; Mobey and Herman, 1985; Clapham et al., 1992; Felix and Haase, 2001a, Valsecchi, 2002) , in most cases limited to moments of courtship, male competence and mating, The dynamics that characterizes groups of humpback whales during the breeding season would show the "prospecting" and aggressive behavior that mature males display when looking for receptive females (Mobey and Herman, 1985) . Those who invested the most would be males looking for an opportunity to mate with females having the largest reproductive potential (Tyack and Whitehead, 1983; Craig et al., 2002) . The most active groups were those composed by three and four adults (A) or by adults with subadults (AS). This seems to be the case of competitive groups that would form when one or more males detect a receptive female. However, as demonstrated when the surface activity was analyzed regarding group size, the intensity of surface activity decreased with group size, therefore most of the surface activity would be produced at the beginning, when competitive groups form and start growing. It is possible that during this initial activity, competitive males establish a hierarchical ordering as suggested to exist in this type of groups (Tyack and Whitehead, 1983; Baker and Herman, 1984; Silber, 1986; Clapham et al., 1992) . Besides increasing surface activity, Silber (1986) stated that the entry of a new member to the group produces a significant increase of the social vocalization rate (no songs). Once competitive groups are well established, the surface activity with breaching and slapping on the water surface with flippers 
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and flukes decrease to continue with the pursuing of the female, which originates the presence of other displays typical of competitive groups and described formerly. Such depiction agreed with Silber (1986) who also reported a negative correlation between surface activity and group size, but opposed to Tyack and Whitehead (1983) who reported a direct relationship between group size and activity. This difference is basically due to how "activity" is defined, since Tyack and Whitehead evaluated other type of displays related rather with competitive behavior such as tail-slashing, bubbling and head lunging.
Another clue supporting the idea that competitive groups show a higher level of surface activity at their formation than when they are in the pursuit comes from the difference of displays exhibited when groups increased or reduced members. Groups that increased their members showed a higher frequency of displays producing percussion sounds at the surface (flipper slapping and tail slapping) observed in 14 of 20 groups (70%) compared with 4 of 21 (19%) in those groups that decreased in number. These sounds would be produced by males with the purpose to call the attention of other males around to initiate the pursuing of a receptive female that has been located. Such behavior would support the findings of Clapham et al. (1992) and Brown and Corkeron (1995) who suggested that males join and cooperate with other males to have access to receptive females. Darling and Bérubé (2002) analyzed interactions between singing males and whales attracted toward them, also suggested that males convene in groups around a singer male to join competitive groups, using the songs as a way to facilitate the organization of such associations. Darling and Bérubé also stated that breaching was a common part of the interaction when a singer joined a group of whales containing a female, but when males joined for short time only 4 of 18 (22%) occasions repeated energetic behaviors were seen on the surface such as flipper and tail slapping. Frankel et al. (1995) also reported the case of a singer that joined a whale after it had breached and performed a series of tail-slaps on surface. Baker and Herman (1984) reported the presence of repeated tail slaps in competitive groups; in one of them, after a secondary escort hit the surface repeatedly six times, other three secondary escorts immediately left the group and moved in another direction. Such observations support the hypothesis presented here that grouping competitive males would be an important function of tail slapping. However, Baker and Herman suggested that this display is rather a reaction of the females to the aggression and advancement of competitive males. Although in this study it was not possible to determine the sex of the whales that slapped on the surface, it seems less probably they were females trying to avoid competitive males because this noisy display only would alert of her presence to other males around. If females had succeeded in driving males away with this display, it had been recorded more frequently in groups with disaffiliations, which was not the case but the opposite. Tail-slashing would be a more appropriated and less noisy display to be used by females when refusing male advances, and noisier displays such as tail-slapping, flipper-slapping and breaching the reaction of the male calling for other males to form a competitive group. It is not discarded that tail slapping could have different connotations for other types of groups, and that is why all age-class groups also exhibit the display, although less frequently. Displays exhibited at breeding grounds, may even have an opposite meaning at feeding grounds; for example, Whitehead (1982) found that flippering occurred significantly more frequent in splitting groups.
Competitive groups were not always composed of only adult animals; in nine groups (21.4%) there were subadults present (seven cases with one subadult and three cases with two subadults). These results are concordant with findings in Hawaiian breeding whales where Spitz et al. (2002) analyzed the size of the whales in competitive groups and found that one third of the secondary escorts have 0.5 probabilities to be immature. It is interesting to recall that adults with subadults groups (AS) had a surface activity level 1 of higher than groups composed only by adults (A), which would indicate that competitive groups in formation containing one or more subadults exhibit the highest level of surface activity. Frequently, it has been observed that in this type of group (AS) the same animal (usually an immature whale) is who breaches most of the time, possibly as an attempt to show other mature animals its readiness to compete for a female and participate in a competitive group. Another possible explanation is that the young active animal is the yearly calf of the pursued female trying to drive away suitors. Silber (1986) also informed that one whale is responsible for the production of most of the surface displays, although attributing the role to the principal escort as a way of threatening and disagreeing with other males.
Singletons have a contrasting level of surface activity, with a high proportion of individuals with the highest level of activity (level 1) but also with a high proportion of individuals with no surface activity (level 4). A major proportion of the more active singletons would correspond to subadults, since this age-class showed the highest level of activity of all age-classes for level 1 (73%). As mentioned above, immature animals are trying to call attention to either females or other adult males to participate in competitive groups. On the other hand, singletons with scarce level of surface activity would include, traveling and resting animals as well as singing males that generally stay motionless for long period of time slow moving near the surface (Winn and Winn, 1978; Tyack 1981; Darling et al., 1983; Silber, 1983; Frankel et al., 1995; Ojeda and Hurtado, 1992; Darling and Bérubé, 2001; Spitz et al., 2002) .
Pairs of whales were the second class with the lowest value for the surface activity level 1 after groups with more than four whales. Brown and Corkeron (1995) found that most pairs were composed by a male and a female and suggested it is due to a mate guarding strategy of males that would accompany females during the north migration to secure mating when females become receptive. Valsecchi et al. (2002) demonstrated that there was never more than one adult female in the same group. Pairs of whales were 42% of the groups, suggesting that most of the adult females in the population are integrating this type of group. These findings also suggest that males display most of the surface activity during the breeding season and most of such behavior is related to reproduction. When limiting the surface activity, females save energy for gestation, lactating and nursing. However, females seem to increase the surface activity when they become mothers, as shown by the high value for the level 1 of MC and ME groups. It cannot be discarded that mature females may exhibit some type of surface display other than those to indicate adult males about their readiness for mating or to refuse male approaches.
Mother with calf pairs (MC) showed the highest value for surface activity level 4, indicating they spend a higher proportion of their time resting or moving with lower surface activity than other classes, something also reported by Herman and Antinoja (1977) in Hawaii. This low rate of surface activity was also accompanied by a low velocity displacement, since mother/calf pairs had the lowest speed of all age-classes. This was expected because calves are not strong enough to maintain the velocity of an adult, requiring resting and breathing more often. However, Mate et al. (1998) reported that the mean speed of a female with calf (5.41km/h) was the highest of six whales followed by satellite telemetry. Tyack and Whitehead (1983) also reported that a mother with a calf swam over 12km/h when were chased by other whales. It is expected that calves are able to follow the speed of adults at an early age to stand the migration toward feeding grounds. No evident change in whale speed was noticed under different levels of surface activity. However, the speed estimated is likely downward biased because the method used did not consider the changes in direction during the observation period. This could affect especially to more active groups engaged in social activities. For example, the average speed of competitive groups was estimated in 4.62km/h (n=12), slightly over the global average (4.53km/h). In some cases the estimated speed was as low as 0.81 and 1.23km/h, which in fact would indicate rather that whales were pursuing around a small area. On the other hand, the maximum speed estimated for a competitive group was 11.39km/h, which probably gives a realistic idea of the speed that such groups may reach. This variability in whale speed is concordant with other reports from breeding whales. Frankel et al., (1995) reported speeds between 1.62 and 11.07km/h for singers and of 4.62km/h (maximum 8.09km/h) for non-singing singleton whales. Using satellite telemetry, Mate et al. (1998) reported speeds between 60 and 80km/day (2.5-3.33km/h) for inter islands moving whales and between 110 and 150km/day (4.58-6.25km/ h) for migrating whales. When calves grow and escorts join the pair (ME groups), surface activity increased and the periods without surface displays would reduce. Mother/calf pairs exhibited the highest proportion of the head-slapping display of all age classes. Calves performed them more frequently, also reported by Herman and Tavolga (1980) . In contrast, MC groups exhibited the highest proportion of the tail-slashing display. In this case, the mother was the responsible for such display, possibly as an annoyance manifestation or warning signal toward approaching boats. Under a different context, tail-slashing has been considered as a form of aggression toward other males (Silber, 1986; Darling et al, 1983; Baker Herman, 1984; Tyack and Whitehead 1993) and used for defense from killer whales (Chittleborough, 1953) . Mother/calf groups had the lowest proportion of displays implicating percussion sounds, possibly because the sight and touch are the main communication senses at this stage when calves are small and remain close to their mothers all the time. Percussion sounds, especially those produced by flipper slapping, would be related with exercising of young calves.
Environment influence
Notwithstanding some diurnal variability, humpback whales likely have a similar level of surface activity through day hours (06:00-18:00). However, the peak of surface activity at afternoon hours (13:00-16:00) coincides with the period of highest conspicuous behaviors reported by Scott and Winn (1980) in humpback whales breeding at West Indies (15:00-16:00). The ability of humpback whales to produce short range percussion sounds at slapping on the surface may be also useful to maintain the social structure of groups by night. It has been suggested that the sea state may influence the level of activity of humpback whales (Herman and Antinoja, 1977) . A similar trend to increase the surface activity in rougher sea found in this study was also reported by Scott and Winn (1980) . A rough sea may reduce water visibility, especially in shallow waters where humpbacks breed, thus increase the background noise and thus reducing the effectiveness of the short-range percussion communication, forcing whales to increase the noise production frequency through breaching or slapping to maintain some level of acoustic contact. Despite a trend to increase the surface activity level 1 and decrease level 2 during Beaufort 3 respect to Beaufort 2, no significant difference was found likely because of the disproportion of frequencies in both sea state conditions. However, fewer differences found in less visible groups (levels 3 and 4) suggest that a change in the sighting probability would not be the cause of the differences found in more active groups (levels 1 and 2). Therefore, it is not discarded that the sea state may influence the surface activity of humpback whales although a larger sample is required for a deeper evaluation.
Other environmental factors with a large-scale influence such as the moon phase and "El Niño" event did not show a relationship with the whales level of surface activity. Whale behavior, and hence, the necessity of reproduction, did not seem affected by drastic environmental changes, not even being so dramatic as those presented during "El Niño" 1997 . Felix and Haase (2001b showed that despite the considerable raise in surface water temperature during the breeding season 1997, humpback whales did not show changes in key ecological and biological aspects such as distribution, abundance and reproduction rate. This article indicates that neither surface behavior was affected by these events.
The analysis of the humpback whale surface activity in this paper indicates that there seems to be specific social conditions under which it may be expected an increase or reduction of the frequency of displays exhibited at surface. Social aspects such as organization, male competence and nursing prevailed over the possible influence of environment factors such as day hour, tide cycle, moon phase or sea state. The complex nature of the humpback whale sociality requires major efforts and more appropriate approaches to evaluate the surface activity and understand the different social contexts in which this activity is produced.
